document that the correlation between income per capita and democracy disappears when including time and country fixed effects. While their results are robust for the full sample, we find evidence for significant but heterogeneous effects of income on democracy: negative for former colonies, but positive for non-colonies. Within the sample of colonies we detect heterogeneous effects related to colonial history and early institutions. The zero mean effect estimated by Acemoglu et al. is consistent with effects of opposite sign in the different sub-samples. Our findings are robust to the use of alternative data and estimation techniques. JEL: P16, O10
inclusion of country fixed effects accounts for the omitted variable bias due to the existence of country-specific time invariant factors that jointly affect income and democracy. As example of such a factor AJRY (2008) emphasize the institutions that emerge at critical junctures in the history of a country, for example during colonization. In particular, "... differences in European colonization strategies have been a major determinant of the divergent development paths of colonial societies. This reasoning suggests that in this sample, the critical juncture for most societies corresponds to their experience under European colonization." (p. 813) . 1 The analysis of AJRY (2008) is based on an extension of the cross-sectional linear regression framework, that estimates the main effect at the sample mean, to the inclusion of country and time fixed effects. In this paper we extend the linear estimation framework to investigate whether the relevant (time invariant) country-specific heterogeneity (e.g., colonial history or institutions) affects democracy only in terms of the (average) variation in democracy (that is, the different intercepts of the regression line as picked up by the country fixed effects) or also in terms of different effects of income on changes of democracy (that is, in terms of the slope of the income effect).
Our analysis proceeds in three steps. First, we replicate the analysis for the full sample and find that the, rather precise, point estimate of zero found by AJRY (2008) is robust. Second, we investigate if the effect of income on democracy is heterogenous depending on whether a country has ever been colonized or not. Third, we investigate if the effect of income on democracy is heterogenous within the sample of colonies, depending on the colonization strategy and the corresponding quality of early institutions in a country, as proxied by, e.g., the existence of constraints on the executive in 1900 or the year of independence. The results reveal substantial heterogeneity in the effect of income on democracy across former colonies and non-colonies. The effect of income on democracy is positive in countries that have never been colonized, but negative in former colonies. Within colonies, the effect of income is also heterogenous and more negative in countries that were exposed to more extractive colonization strategies and worse institutions. The results are confirmed by extensive robustness checks. 2 The findings have several relevant implications. First, the analysis is conducted 1 AJRY (2008) provide indirect support for this view by showing that the association between income and democracy is substantially weakened once accounting for a country's colonial history (in terms of, e.g., the year of independence) or for proxies of early institutions like the constraints on the executive in 1900, instead of country fixed effects.
2 The results hold up with alternative data for democracy and income, different colony codings and data frequencies, and when using alternative empirical strategies that account for potential biases. These include the robustness checks by AJRY (2008) in terms of GMM estimators, IV strategies and GMM-IV, as well as Tobit models, bias-corrected estimators, or non-linear specifications of the income effect. The results are robust to the consideration of transitions to and away from democracy (see the companion paper by AJRY, 2009), different samples (excluding e.g. socialist, Muslim and oil countries) and to the inclusion of additional covariates (like education and population controls). Similar results are obtained with alternative data on colonial history and institutions, while no interactions with other variables are found to be relevant.
by allowing for a heterogeneous effect of income on democracy. The empirical analysis nests the linear empirical framework by AJRY (2008) as a special case, which is obtained if the effect of income on democracy is not heterogeneous across countries. The empirical results also document that the effect of income on democracy is significantly heterogeneous in the subsamples. The effect is opposite in sign for colonies and non-colonies, significantly different from zero (which is the point estimate obtained when constraining the effect to be homogeneous), and relevant in magnitude. The analysis therefore contributes novel evidence of substantially heterogeneous effects of income on democracy in different countries. The results show that the negative effect of income on democracy in former colonies, which is in line with some of the findings by AJRY (2009), is robust. The findings also uncover, however, that the effect for non-colonies is positive, significant, and quantitatively large. Finally, the results show that there are sizable heterogeneous effects within the sample of former colonies.
Second, the existence of a heterogenous effect of income implies that the results obtained with a linear framework (and in particular the finding of a zero effect) may be unstable given that they reflect sample composition. The heterogeneity in the income effect implies that the results obtained with linear regressions can be misleading since the point estimates can range from significantly positive to significantly negative, depending on the countries that are included in the estimation sample. 3 Finally, the analysis highlights an aspect of colonial history and early institutions that appears crucial for the relationship between income and democracy but that is more subtle than previously thought and that has not been pointed out in the existing literature. The findings therefore suggest some fruitful directions for future research since interpreting these patterns requires an explanation that can account for the heterogeneous relationship between income and democracy in the different sub-samples. 4
I. Econometric Specification and Data
The benchmark empirical specification follows AJRY (2008) and is given by
where d i,t is the democracy score of country i at time t. This dynamic empirical model captures persistence as well as mean-reverting dynamics by including the influence of the lagged value of the dependent variable d i,t−1 in terms of the 3 The existence of a heterogeneous effect of income on democracy and the crucial role of sample composition can contribute to explaining the mixed findings that have been reported in the recent literature, like Benhabib, Corvalan, and Spiegel (2013) and Moral-Benito and Bartolucci (2012) , that challenges the results of AJRY (2008) .
4 Alternative arguments with opposite predictions, like the modernization hypothesis or the existence of a temporary window of opportunity, have been proposed in the literature (see Cervellati et al., 2012 , for a more detailed discussion of these issues). To our knowledge, however, no compelling theory is currently available that can jointly account for the heterogeneous effects in the different sub-samples. coefficient α. The coefficient of main interest is γ and reflects the effect of the lagged value of log income per capita y i,t−1 on democracy. The specification includes a full set of country fixed effects δ i and time dummies µ t . 5 Additional transitory shocks to democracy and other omitted factors are captured in the error term u i,t .
To account for heterogeneous effects of income on democracy, the model (1) is extended by allowing income per capita to have different effects on democracy in different groups of countries, by considering the (partially) interacted model,
where the variable c i denotes a time invariant country specific feature. 6 In section II.A, we estimate the model (2) with c i indicating whether a country is a former colony or not. The empirical model estimated by AJRY (2008), (1), is nested in model (2). Both models exactly coincide if φ = 0, that is, if the effect of income on democracy does not depend on the variable c i . The specification (2) therefore allows for the estimation of a distinct effect of income on democracy in countries with c i = 1, as reflected by φ. The partially interacted model (2) allows for an efficient estimation by exploiting variation for the full sample and allowing the effect of income to be heterogenous across countries with different institutional features, c i , while maintaining the assumption that all other coefficients are the same across all countries. This assumption is not necessarily justified across the different sub-samples, however. Estimating a fully interacted model, i.e., estimating the empirical model (1) separately for different groups of countries, is a more flexible but less efficient strategy, since it allows for the possibility of heterogeneous convergence processes and development dynamics (in terms of coefficients α and δ), but involves estimating a larger number of parameters.
In section II.A we also explore the existence of a heterogenous effect of income on democracy by estimating the empirical model (1) for the two sub-samples of former colonies and non-colonies. The results for the sample of colonies serve as benchmark to investigate the existence of heterogenous effects also within the sample of former colonies using the empirical model (2), which is done in Section II.B. In this analysis, c i represents an indicator that proxies the heterogeneity in institutional features across colonies. 7
The empirical analysis is based on five-year and ten-year panel data sets over the period 1960-2000 compiled by AJRY (2008). 8 As benchmark index of democracy 5 As in AJRY (2008), we include additional covariates, x i,t−1 β, in some specifications. 6 The main effect of the time invariant interaction c i in specification (2) is subsumed in the country fixed effect.
7 Also for the sub-sample of colonies the variable c i is not relevant for the effect of income on democracy under the null hypothesis, implying that the results of the two models would coincide.
8 The analysis concentrates on the time after 1960 because of serious data limitations for former colonies before 1960. Data are only available for very few colonies before 1960, and the sample becomes increasingly biased towards particular groups of colonies when going back in time, which is not appropriate for the purposes of this study. In addition, a comparison of former colonies and non-colonies we use the data provided by Freedom House normalized to range from 0 to 1, with higher values indicating higher values of democracy. The primary source for data on GDP per capita is the Penn World Tables. Information on whether a country was a former colony is taken from the French Center for Research and Studies on the World Economy (CEPII) database, which has the advantage of providing a complete classification of colonial status for all countries in the sample. The data on constraints on the executive in 1900 are from Acemoglu, Johnson and Robinson (2001) , information on the year of independence is from AJRY (2008), and information on the last colonial power before independence is from the CIA World Fact Book and from CEPII. See the Online Appendix for a detailed description of the data sources, including the data sources for the various robustness checks.
II. Analysis and Results
Figure 1(a) illustrates the positive correlation between income and democracy in the absence of country fixed effects. Figure 1 (b) plots the correlation when exploiting within-country variation in the data. 9 The figure provides an illustration of the findings by AJRY (2008) and documents their main result: the effect of income on democracy in the full sample disappears once time invariant countryspecific factors are included in the estimation framework. Income per capita is not related to democracy once country and time fixed effects are included. Figure  1 (c) provides a graphical illustration of the results obtained when replicating the analysis by allowing for heterogeneous effects in terms of a separate estimation of specification (1) for the sub-samples of former colonies and non-colonies, respectively. Figure 1(d) shows the results from the same estimates of a specification (1) for the sample of non-colonies and colonies, but where the income effect is allowed to differ across former colonies without and with constraints on the executive in 1900. The figures illustrate a heterogeneous effect of income on democracy across non-colonies and former colonies, as well as within colonies. The following analysis provides a systematic investigation of these patterns.
A. The Effect of Income in Non-Colonies and Colonies Table 1 presents the results from estimating model (1) with data from the entire sample of countries over the period 1960 to 2000 using the Freedom House measure of democracy. Column (1) replicates the results of AJRY (2008) using their data, sample and specification in the five-year panel. The results deliver a becomes increasingly problematic for the period before 1960 due to the ongoing colonial domination in many countries in this period. See also the discussion in AJRY (2008) about the inconsistency of the fixed effects estimator if relevant country specific characteristics (like e.g. institutions) emerge during the observation period.
9 The graph depicts the predicted effect of income on democracy, net of past democracy, year fixed effects and country fixed effects in a cross-country panel 1960-2000 with five-year frequency. This is the effect that is obtained estimating the empirical model (1) for the full sample. Corresponding estimation results are reported in Table 1 below. rather precise estimate of a zero effect of log income per capita (in period t − 1) on democracy (in period t) and document that their findings for the full sample are robust. Past democracy, on the other hand, has a highly significant effect on present democracy. Column (3) presents the same result for the ten-year panel. In this specification, income has no significant effect on democracy, and even the significant effect of past democracy vanishes.
Columns (2) and (4) of Table 1 , report the results from estimating the model (2), where c i is a binary indicator variable that takes value 1 if a country is a former colony, and 0 if a country has never been colonized (using the colony coding in the CEPII data). Recall that the empirical specification (2) nests the baseline specification of AJRY (2008) as a special case, which is obtained if the effect of income on democracy is homogenous. The findings reject the null hypothesis of a homogenous effect of income across those countries that were, and those that were not, subject to foreign colonial rule. The results document a significant Table 2 Col. (7). Colony coding from the CEPII data set.
and positive effect of income on democracy for non-colonies and a significant negative interaction effect for colonies. The negative interaction effect is larger in size than the main effect, suggesting that income indeed affects democracy significantly positively in countries that have never been colonized, whereas the effect is negative (but statistically insignificant) for former colonies. 10 The pattern is similar for the ten-year panel with point estimates being about twice as large, see column (4). Table 2 presents the results from estimating the empirical model (1) separately for the samples of former colonies and non-colonies. The table reports estimates obtained with both the full sample (using all available data) and for fully balanced panels, which represent the most restrictive samples. 11 The results confirm the finding that income has a significant positive effect on democracy in countries that have never been colonized. The results show a significant negative effect of income on democracies in former colonies. 12 This also implies that the effects are significantly different from each other for non-colonies and colonies.
In the ten-year panel, there is little evidence of persistence in democracy for either group of countries, and the effect of income on democracy (positive in the sample of non-colonies and negative in the sample of colonies) is larger in terms 10 Notice that the total effect of income on democracy for former colonies is given by the sum of the coefficients on the income variable and on the interaction variable.
11 The fully balanced sample restriction is identical to that made by AJRY (2008). 12 A significant negative effect has already been found by AJRY(2009) using the Freedom House measure of democracy in a restricted sample of colonies (in Column (2) Panel A of Table 6 page 1056). As discussed in more details also below, the results of Table 2 show that the finding of a significant negative effect in colonies is actually robust to different measures of democracy, and consistently emerges with different estimation techniques and samples. Note: Fixed-effect OLS panel regressions with clustered standard errors in brackets. ***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively. All regressions include country fixed effects and time fixed effects. The coding of colonies is according to the CEPII data set.
of absolute magnitude, consistent with the baseline results of Table 1 . The results also document significantly different effects of past democracy on current democracy in the two sub-samples, suggesting that the partially interacted model is overly restrictive. In both cases, past democracy has a positive effect on current democracy, but the persistence in democratic quality is substantially larger in non-colonies than in colonies in the five-year panel, which provides additional evidence for heterogeneous development patterns in colonies and non-colonies that is reflected in different persistence of democracy. 13 Due to the inclusion of the lagged dependent variable in a fixed effects framework, the estimates of the effect of income on democracy are potentially biased (Nickell, 1981) . This problem can be relevant if the number of time-series obser-vations is small. The resulting bias is unlikely to be the driving factor behind the finding of a heterogenous effect in non-colonies and colonies, however, since there is no reason why this statistical bias should vary across different samples of countries, and hence drive the finding of a heterogeneous effect of income on democracy. Nevertheless, we apply alternative estimation methods, including the ones that have been adopted by AJRY (2008) , to mitigate potential concerns regarding biased estimates in dynamic panels with fixed effects.
A first strategy involves using GMM estimators along the line of AJRY (2008). The corresponding estimates are consistent although they critically depend on the identification assumptions and the strength of past levels as instruments for the change in democracy. 14 The properties of the GMM estimator require the cross-section dimension of the panel to be sufficiently large. A small cross-section dimension imposes constraints on the number of instruments that can effectively be used. To limit problems of instrument proliferation, we follow the best practice of adopting parsimonious specifications that pass the specification tests using the minimal number of instruments. 15 Table 3 shows that the main result that the income effect is positive for the sample of non-colonies but negative for the sample of colonies is confirmed. The estimates for the persistence term α are similar to those obtained with fixed effects, while the heterogeneity of the income effect is slightly more pronounced in the GMM estimates.
AJRY (2008) also present instrumental variables estimates that rely on exogenous sources of variation and thus account for potential concerns about reverse causality. Their main instrumentation strategy exploits trade linkages across countries that induce the transmission of variations in income from the rest of the world to a particular country under consideration. 16 Table 3 also presents the results of the outcome equation when instrumenting lagged income per capita using the trade weighted world income instrument. The instrument is weak in terms of first stage performance for the set of non-colonies and the estimates of of former colonies the instrument works well, with an F-statistic substantially exceeding the conventional critical value. The IV results confirm the findings of a negative and significant effect of income on democracy in the sample of former colonies. Finally, Table 3 presents the results of GMM estimations when instrumenting lagged income using the trade weighted world income instrument. Again the results for the non-colonies essentially collapse to the findings obtained without instrumentation. The instrumentation works better for the colony sample. The findings confirm that the effect of income on democracy is negative, and slightly stronger in magnitude compared to the OLS estimates. In terms of the size of the effects, GMM and IV methods deliver slightly larger coefficient estimates in absolute terms. This suggests that, if anything, the fixed effects estimates reveal lower heterogeneity across colonies and non-colonies than what is found using these more refined estimation methods.
B. The Effect of Income on Democracy within Colonies
Estimating the empirical model (2) allows investigating whether the effect of income on democracies is heterogenous also within colonies depending on the quality of (early) institutions. For comparability with the results reported in Table 2, and to facilitate the interpretation of the quantitative effects, we consider a dummy variable c i that takes value 0 if a country had historically weak institutions and value 1 if the country had strong institutions. As a first proxy for institutional quality we use the level of constraints on the executive in 1900 which is used by Acemoglu, Johnson and Robinson (2001) . Alternatively, we use information whether a country became independent before 1900 under the premise "non-extractive colonies gained their independence typically earlier than the extractive ones" (Acemoglu et al., 2009 (Acemoglu et al., , p. 1046 . A third proxy uses information on whether a colony was subject to the rule of the late colonial powers in view of the literature that suggests that the rule of the late colonial powers exhibited more extractive institutions. 18 As before, the specification nests the linear model (1) as a special case. Under the null hypothesis that different institutional backgrounds do not matter for the effect of income on democracy after 1960, the estimates should coincide with those reported in Table 2 . Table 4 presents the results for five-year and ten-year panels. The findings in Columns (1) and (2) document a significant heterogeneity in the effect of income on democracy in colonies, depending on the constraints on the executive in 1900. In countries with no constraints, the effect of income on democracy is significantly negative and about twice as large as the respective average effect documented in Table 2 . The effect of income is significantly more positive in countries with some constraints on the executive in 1900 (as reflected by the positive coefficient for the interaction term), with the total effect of income on democracy being essentially zero. The pattern is qualitatively identical and quantitatively similar when distinguishing between colonies that became independent before and after 1900 as shown in Columns (3) and (4), and when using information on whether a colony was subject to the rule of the late colonial powers, as shown in Columns (5) and (6). The results obtained with GMM are similar, with the coefficient estimates being slightly larger than the respective results of Table 3 .
C. Discussion and Robustness of the Results
The results document a significant heterogeneity in the effect of income on democracy, both across former colonies and non-colonies, and within the sample of former colonies, depending on their institutions and colonial history. The estimated effects of income on democracy are quantitatively sizable. For the sample of non-colonies, the income coefficient in Tables 1 and 2 ranges from 0.08 to 0.21 in the five-year panels, and from around 0.19 to 0.5 in the ten-year panels. These effects reflect the change in the democracy index (which ranges from 0 to 1) that corresponds to a log-difference in income of 1. 19 The shortterm effect for colonies is also sizable and ranges from -0.06 to -0.14 and -0.09 to -0.15, respectively, for the five-year and ten-year panels. The observed changes in income are therefore associated with substantial, but heterogenous, changes in democracy. 20 The robustness of the findings is documented in the Online Appendix. The robustness checks include the use of alternative measures of democracy (like the Polity IV or binary measures of democracy), alternative colony codings (like the coding used by AJRY, 2008 , that is available only for a smaller number of countries, and the Quality of Governance classification), alternative income data, and the estimation of Tobit models to allow for censoring. The robustness results also show that the heterogeneity of the income effect is related to colonial status and is not driven by heterogeneity in income or non-linear effects of income on democracy. The heterogeneous effect is also not due to heterogeneity in the quality of democracy or asymmetric effects of changes to and from non-democracy and democracy. The results are robust to excluding muslim, (former) socialist, oil exporting, middle-east and Western European countries and to the inclusion of average years of schooling, population, median age and labor share of gross value added as additional controls. Similar results within colonies are obtained using alternative proxies of institutions and colonial history (like the population share of European descent and the year of colonization) while no further interactions (like the share of land in the tropics, the percentage of arable land and the Africa dummy) are found to be significant.
